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PREFACE

This effort was conducted by Syracuse University under the sponsorship
of the Rome Air Development Center Post-Doctoral Program for Air Force i
Communications Service (AFCS). Mr. Robert Feik and Mr. Y.S. Fu were the ]
AFCS focal points and provided overall technical direction and guidance.
The author of this report is Dr. Jose Perini, and the co-author is
Dr. Kazuhiro Hirasawa.

The RADC Post-Doctoral Program is a cooperative venture between RADC
and some sixty-five universities eligible to participate in the program.
Syracuse University {ESEEEPWEPE‘anEI?FEEESE;,and Computer Engineering),
Purdue University (School of Electrical Engineering), Georgia Institute

of Technology (School of Electrical Engineering), and State Univeirsity

of New York at Buffalo (Department of Electrical Engineering) act as

prime contractor schools with other schools participating via sub-contracts
with the prime schools. The U.S. Air Force Academy (Department of
Electrical Engineering), Air Force Institute of Technology (Department
Of Electrical Engineering), and the Naval Post Graduate School (Department
of Electrical Engineering) also participate in the program.
The Post-Doctoral Program provides an opportunity for faculty at
3 participating universities to spend up to one year full time on
exploratory development and problem-solving efforts with the post-doctorals
’ splitting their time between the customer location and their educational

institutions. The program is totally customer-funded with current projects
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being undertaken for Rome Air Development Center (RADC), Space and Missile

Systems Organization (SAMSO), Aeronautical Systems Division (ASD),

EF 3 Electronic Systems Division (ESD), Air Force Avionics Laboratory (AFAL),
Foreign Technology Division (FTD), Air Force Weapons Laboratory (AFWL),
Armament Development and Test Center (ADTC), Air Force Communications ,i
Service (AFCS), Aerospace Defense Command (ADC), Hg USAF, Defense ‘
Communications Agency (DCA), Navy, Army, Aerospace Medical Division (AMD),
and Federal Aviation Administration (FAA).

Further information about the RADC Post-Doctoral Program can be
obtained from Jacob Scherer, RADC/RBC, Griffiss AFB, NY, 13441, telephone
AV 587-2543, COMM (315) 330-2543.

The author, Dr. Jose Perini, received his B.S. degree from Escola

Politecnica de Sao Paulo, S.P., Brazil ‘1952) and his Ph.D. degree from

Syracuse University (1961). He joined the faculty of Syracuse University in
1962 as Assistant Professor of Electrical Engineering, advanced to

Associate Professor in 1966, and to Professor in 1971. Prior to his
affiliation with Syracuse University, Dr. Perini served as Assistant

Professor of Electrical Engineering at Escola Politécnia de Sao Paulo

and as Manager of the Radio Maintenance Department of Real Transportes
Aereos in S3o Paulo. He is a consultant to the General Electric Company
and Data Functions Corporation. Dr. Perini teaches graduate courses and
supervises graduate student research for M.S. and Ph.D. degrees and was
Director of the Syracuse University Graduate Center at Poughkeepsie from

1966 to 1968. His publications cover topics in television antennas,
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fields and propagation, and signal-processing aspects of electromagnetic

compatibility. He holds two antenna patents and is a member of the

o

Institute of Electrical and Electronics Engineers.

Dr. Kazuhiro Hirasawa, the co-author, was born in Tochigi, Japan, on
December 5, 1941. He received the B.S. and M.S. degrees in Electrical
Engineering from Keio University, Tokyo, Japan in 1964 and 1966 respectively
and the Ph.D. degree in Electrical Engineering from Syracuse University in
1971. At present he is a research Engineer in the Department of Electrical
and Computer Engineering, Syracuse University.

The author wishes to acknowledge: the contributions of Dr. W.W. Everett
of the RADC Post-Doctoral Program for effort during the course of the work,
and in drafting the final report; the contributions of Mr. Robert Feik
and Mr. Y.S Fu throughout the entire effort; Mr. Dave Pierce and Mr. Sam
Zaccari for management support; Mrs. Colleen Hart, Ms. Lyn Swingle, and

Mrs. Ann Buckley for administrative support and final draft preparation.
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ANTENNA PATTERN DISTORTION COMPUTER PROGRAM

1. Introduction

Presently, when a new communication facility is designed, there is no
simple way that the project engineer can predict the interaction between the
many antennas that will be present in the facility. The available rules of
thumb are too crude and do not really give any detailed information of the
antenna pattern distortion or mutual coupling effects. Recent developments
in the area of computer aided design of antennas allowed the development of
a user oriented computer program that can perform an accurate analysis of
existing or future antenna installations with far more detail than has been
possible. The description and usage of this program is the subject of this
report.

2. Physical Layout of the Antenna Farm

A system of rectangular coordinates x, y, z will be used for specifying
the position of the antennas in the installation as shown in Figures 1 and 2.
The vertical axis is always 2z and the x, y axes define a reference plane
which must coincide with the installation ground plane if there is one. 1In
this case the z are the heights of the base of each antenna above the ground
plane. 1In cases where no ground plane is used, the axis x, y define an
arbitrary reference plane and the zi are the heights of the base of each
antenna above this plane. When we refer to a ground plane here, we mean a
metallic structure, either solid or in the form of a wire mesh of sufficiently
small openings to act as a ground plane. The earth below the antenna

installation is ignored by the program because usually the antennas are high
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enough above the terrain. In order to control the patterns of the antennas
on the installation, it is advisable to always use a ground plane extending
at least four to five feet beyond the outermost antennas.

As will be described in detail later, the program has two versions:

(1) a simplified one where only the antenna types have to be specified and
(2) a general one where the actual dimensions of each antenna have to be
specified.

Figure 1 shows the input variables for the simplified program. As can
be seen, only the type (AT 1181, AT 1097, AT 197, or LR 1000 - lightning rod)
and the X0 yi, zi coordinates specifying the antenna positions are required.

Figure 2 shows the input variables for the general program. Besides
the position Xir Yo zi of each antenna, we also have to specify the antenna
lengths hi, the radii Ly the positions of any loads Qiif they exist, the
loads Zi' as well as the feed positions fi'

In the simplified program only one artenna can be fed at a time and no
loads are allowed in the other antennas which are assumed terminated by their
nominal input impedances. In the general program, all antennas may be fed and
can also carry one load each. This will allow the solution of more general
problems such as antenna arrays or special types of antennas not included in
the simplified program catalog.

3. Description of the Computer Program

This program was designed to be used with the Honeywell 635 computer,

based at RADC, via remote terminal. It was written in FORTRAN IV languate

and therefore can be easily adapted to many other computers.
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The program is executed in two phases. The first, which is called
LINKMN and operates in the Time-Sharing Mode, is used for inputting all the
pertinent data. The second, which is called USA and operates in the Remote
Batch Mode, is used for the actual computations. If any detectable errors
occur in the input data, the Time-Sharing Program LINKMN will detect them and
print an error message warning the user.

In order to execute the program USA three permanent files called USAINI,
USAOUT1, and DATAFILE are needed. As the name suggests, the first is where
the input data from LINKMN is stored, the second is where the program will
write its output, and the third is where the input data for communication
range contour is stored. These files have already been created and are part

of the RADC program package. Presently, USAINl and USAOQUT1 are 4 and 8

*
blocks 1long respectively, and DATAFILE is a random file (20 blocks long).
This has shown to be large enough for the cases treated in this report. If
more runs are needed, the size of the files may have to be increased.

After the input data is read in USAIN1 by LINKMN, the data is changed

into the proper format and stored again in USAIN1l. After the program USA

is executed, the results will be in USAOUT1 and have to be read in the
terminal. Examples of these manipulations are given in the next sections.
If the communications contour is to be computed the appropriate topographic
data has to be in DATAFILE by running the SCREEN program. The following

block diagram summarizes the above discussion:

*
One block is equal to 320 thirty two bit words.

b




] RUN LINKMN l

READ INPUT DATA
b IN 01 OR USAINI1!

| CHANGE FORMAT oﬂ

____USAIN]
fasi T o e
| FROM SCREEN| J—L—‘
{ DATAFILE " ~M®RUN USA |
READ QUTPUT | OUTPUT IN k 1 OUTPUT IN
! RESULTS IN . __UsaouTl HARD COPY |
TERMINAL . ! AT RADC ‘
| MAILED TO |
| USER UPON |
REQUEST ‘

E If an unusually large problem is being run where, for example, a lot of
mutual coupling coefficients are printed, the data may exceed the capacity
of USAOUT1. In this case a message will be printed out and part of the
output will be lost, and the size of the file USAOUT]1 has to be increased.

3 As mentioned earlier, the input program LINKMN has been written with two
options. The first, called the "SIMPLE PROGRAM", does not require any know-

1 ledge whatsoever of the limitations of the numerical technique used. The

terminal requests very simple and stfaightforwaniquestions and no decisions
have to made by the user. Presently, three types of commonly used AF

antennas and lightning rods are allowed as input: the VHF AT 1181, the UHF
AT 1097, the UHF AT 197, and the LR 1000 (a designation reserved by us to a

lightning rod). In this option only the antenna whose pattern is being
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computed can be fed. The second opticn, called the "GENERAL PROGRAM", allows
the treatment of any vertical cylindrical antenna with a maximum radius of
0.1 having, at most, one feed point and one load per antenna. This option
cannot compute communication contours.

If desired, the mutual coupling coefficients among the various antennas
can be computed and printed out in dB when using the SIMPLE PROGRAM.

The program will also compute vertical (constant @) and horizontal
(constant 6) patterns. The increments A6 and A@ can be specified by the
user. The conventional horizontal pattern is therefore computed for 6 = 900,
the horizontal plane, but if desired, any polar angle 6 can be specified.
When patterns are computed, the output will be in normalized magnitude
expressed in ration (NMAG) and in dB (NMAGDB). The value of the field used
for the normalization is printed out under EMAX and the gain of the antenna
in the direction of EMAX (over the isotropic source) is also printed out
as a ratio (GAIN) and in 4B (GAINDB).

The program will also compute communication range contours fcr specified
signal levels for up to six different airplane heights. The ranges are
expressed in nautical miles.

After all the input data is fed to LINKMN, it prints out all the data
as read by the computer for cross reference purposes and then gives the
size of the arrays and the amount of core needed to run USA. These last two
pieces of information have to be fed into USA prior to running as shown in the

examples of the next sections. The purpose of this procedure is to use as

it — " ’ p—
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little core as possible in order to decrease the turn-around-time. If the
required core exceeds 60K, a special statement is used to advise the

operator and thus facilitate the execution.

o

In the next section we present some examples of use of this program
with detailed explanations of all procedures.

NOTE: When this program is first installed in a new computer, the
program LINKMN has to be run in a special way to create the necessary files
for its normal execution in all other runs. LINKMN has been partitioned

into four programs: LINKMN, LINKM1l, LINKM2, and LINKM3 which perform

different functions, and are loaded only when needed.

The following commands should be used:

SYSTEM ?FORT

OLD OR NEW-NEW

5 READY

*RUN LINKM1=;L1 (NOGO) (+)

*RUN LINKM2=; L2 (NOGO)

*RUN LINKM3=;L3 (NOGO)

*RUN LINKMN=;LM (NOGO)

*RUNL LM=HS;LINK (LINK1)L1; LINK (LINK2,LINK1)L@; LINK (LINK#,LINK2)L3

The first four RUN commands automatically create the necessary permanent

k files L1, L2, L3, and LM, and store the respective programs there. These

|

i four files require a total of 26 blocks of file space. The last RUNL command

creates the necessary temporary file HS automatically. If desired, a

permanent random file HS (43 blocks in size) can be created before the

RUNL command, and the whole prcgram stored permanently in object form for

future runs.

SR ¥ N

K2




After these steps type

RUN HS #USAIN1 "O1"

Then program will start asking questions.

The random file named DATAFILE has to be created and all the necessary
"Line of Sight Coverage" data has to be stored there before the program
USA is run in the CARDIN system. The name DATAFILE can be changed to any
name desired by modifying statement 5025 in the program USA to 5025$:PRMFL:
03,R/W,R,BLAO0001/XXX... where XXX... is the new name (maximum of eight

characters). This modification should be done when lines 50, 500, 5000

are modified. See Example 4, note number 8.

4. Examples of Program Use

In the listings that follow, CR means a carriage return entered by the
user. Numbers on the left-hand side margin are references to explanations
that follow the run. All user responses are underlined.

The answers to the terminal questions are either numbers or words
1 such as YES, NO, INCHES, METERS, etc. Whenever this last type of answer
is requested, the user can type the whole word or just the first letter.

In any event the computer recognizes only the first letter. Therefore,

vy

Y, YES, YNO are all interpreted as YES since the first letter is a Y.

No blanks are allowed before the word. For example YES (where _ is a
I blank) will be detected as an error and the question will be repeated

| -
again after the message: "..... INPUT ERROR, TRY AGAIN....." is typed in the

terminal.

- (+) For more details see Honeywell Series 600/6000, FORTRAN, Manual
number BJ67, p. 3 - 22.
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h

The computer does not take any answer until a carriage return (CR) is

entered.

Therefore, if an input error is detected before the CR, two

procedures can be used to correct it [1]:

(a)

(b)

If the whole line is to be deleted, press simultaneously
the CTRL and X keys. The computer will print DEL indicating
that the whole entry has been deleted and skips to the next
line waiting for the line to be re-entered.

EX:

ANTENNA POSITION X Y 2Z

= 100,10,0 CR

If only a few characters have to be corrected, press SHIFT
and @ as many times as there are characters to be corrected.
EX:

ABD@CD is read as ABCD

AB C@@CD is read as ABCD

N@QY is read as Y

[1] For more detailed information, see GE-600 Line GECOS III Time-Sharing
FPRTRAN, manual #CPB - 1566A, Now Honeywell BR 70.
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4.1 EXAMPLE 1 - In this example many errors were introduced on
purpose to exercise as much as possible the error detection
capability of the program.

cr
g110301

)

PADC R&D TSS GCOS-GU3 07/16/76 AT 9.893 CHANNEL 3030

LOGCG! 1D-BLA00001:956700160409
1 PASSY ORD--
SRERUBMIVERYR

SYSTEM 2FORT
3 OLD OR NEW-NEY
READY ‘
*RUN _HS #USAINL “01"
++++% ENTER ANTENNA PARAMETERS +++++

N

S

DIMENSICNS IN METERS OR INCHES ?
=N
eeses INPUT ERRORs TRY AGAIN ccooe
DIMENSICNS IN METERS OR INCHES ?
= M
essse INPUT ERROR, TRY AGAIN cecee
DIMENSIONS, IN METERS OR INCHES ?
9 =M
GROUND PLANE ?
=YES
10 "SIMPLE PROG ?
=¥
COUPLING COEFFICIENTS ?
=NO.
NUMBER OF ANTENNAS
o =
#a%%  ANTENNA NUMBER | #nee
ANTENNA TYPE ? (1097, 197, 1181 OR 1000)
11 =1197
eeesece INPUT ERROR,» TRY AGAIN ecceece
ANTENNA TYPE ? (1097, 197, 1181 OR 1000)
12 ay1097
ANTENNA POSITION X,Y,2 ON THE PLATFOR4
13 =1l., DEL
0es06,0.
¥EFF  ANTENNA NUMBER 2 esss
ANTENNA TYPE ? €1097, 197, 1181 OR 1000)
14 =1182
esees INPUT ERRORs TRY AGAIN ecees
ANTENNA 1YPE ? €1097, 197, 1181 OR 1000)
15 =1183e1
ANTENNA POSITION X,Y.Z ON THE PLATFOR1
ID.I‘.I“.

N Un
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16

17

18

19

20

21

a8se ANTENNA NUMBER 3 #&ee

ANTENNA TYPE ? (1097, 197, 1181 OR 1000)
=1000

LENGTH

=2.

DIAMETER

=.009

ANTENNA POSITION X,Y.,Z ON THE PLATFORv
.lul . .

®#%&¢  ANTENNA NUMBER 4 #ses

ANTENNA TYPE ? (1097, 197, 1181 OR 1000)
=197

ANTENNA POSITION X,Y»Z ON THE PLATFOR4
B8=1es0.,0.

+++ RADIATION PATTERN +++

VERTICAL PATTERN ?

=NO

HORIZONTAL PATTERN ?

<NO

COMINICATI'CN RANGE CONTOUR ?

aNO

ceees INPUT ERROR, TRY AGAIN escee
VERTICAL PATTERN %
=NO

HORIZONTAL PATTERN ?
aYES

THETA (DEGREES)
=90

50

FILE CODE 41 ILLEGAL CHAR; CORRECTION =0_
PLOTTING INCREMENT (NON-ZERO NU4BER) (DEGREES)
=0
eveses INPUT ERROR» TRY AGAIN coces
PLOTTING INCREMENT (NON-ZERO NUWBER) (DEGREES)
Blo.
COIMUNICATI ON RANGE CONTOUR ?
=NO

NUMBER OF RUNS

‘HRER QUN ¢ | tese

FREQUENCY (MHZ)

=127

FED ANTENNA (#)

=5

esess INPUT ERROR, TRY AGAIN cceece
FED ANTENNA (#)

=]

esses INPUT ERPORs TRY AGAIN cccee
FREQUENCY (MHZ)

=127

FED ANTENNA (#)

=3

esese INPUT ERROR, TRY AGAIN cceee
FED ANTENNA (#)

=2
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24

25
26

27

28

29
30
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31
32

33
34
35
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VER PAT= N
HOR PAT= Y
THETA= 90.0 PLOT INC= 10.00

CaM RNG= N
RUN# FREQG(MHZ) ANT FEDC(#)
1 127.00 2

+4+ 62 X 62 IS THE MIN DIt FOR Cl, C2 +++
++4+ 27 K IS THE MIN MEMORY NEEDED +++

SREMOUE 01

*0LD USAINI

READY

*ASCBCD #3;USAINI

LABELS?

TﬁB CHARACTERS AND SETTING?
*#SYST CARD

OLD OR NEY-OLD USA

READY

*s0 CR

#500:DIMENSION C1¢62,62),C2¢62,62)
¢S0008:LINITS
“«50005:L111TS:15,27K

*1,1STS S0,500,5000

500:DIMENSION C1(62,62),C2(62,62)
50008:LIMITS: 15,27K

READY
*RUN
SNUB # 6818T
CARD FORIAT,DISPOSITION ?
N OR1
#JSTS 6819T
6818T-01 TOO BIG
*BYE

1.66 TO DATE: $ 377.50= 8%
07716776

#*2CCST:
##0N AT 9.892 - OFF AT 10.102 ON

o Y

— T e Tt e o

rw i w T O g
22 DIM= M GP= Y SIMP= Y COUPL= N NR= 4

ANT# = 1 2 3 ]
TYPE = 1097 118! 1000 197
X = 0. 0. {«000 =-1.000
Y = 0. 1.000 0. 0.
A = 0. 0. 0. 0.

3 L = 0. 0> 2.000 0.
D = 0- 00 00009 eo

SIS
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k
A

37 ®*BCDNASC USAQUTI;*
38 LINE NNDBERS?
TAB CHAPACTERS AND SETTING?
39 *LIST
40 *## ANT# (FED)= 2 FREQ (MHZ)= 127.00 *+#
HORIZONTAL PATTERN
THETA= 700
EMAX= 0274 GAIN= 2.89] GAINC(DB)= 4.61
PH1 NMAG NMAG(DB)
0. 0.8460 =1.45
10. 0. 7352 -2.67
20. 0. 6124 =426
30. 0. 4981 =6+05
40. 04141 =-7.66
S0. 0. 3737 -8.55
60. 03696 =-8+65
70' 03807 -843%9
80« 03899 -8.18
90. 0.3927 -8.12
100. 03965 -8.03
110. 0.4127 -7.69
120. 0.4451 =703
130 0.4893 -6.21
140. 0.5424 =531
150. 0.6084 =4.32
160. 06903 -3.22
170. 0.7807 -2.15
180. 0.8627 -1.28
190. 0.9184 -0.74
200. 09368 =0.57
210. 0.9172 =0.75
220« D.8674 -1.24
230. 0.8012 =193
240, 07347 =-2.68
250« 0. 6839 =330
260. )Je 6616 -3.59
270. e 6749 -3.41
280 )e 7224 -2.82
290. Je 7933 ~2.01
300« 0.8712 =1.20
310« 09391 -0.55
320. 0.9844 -0.14
330« 1.0000 0o
340. .9825 =0.15
350« )e9307 =0.62
360« )eB460 =145
READY
1 “BYE

®#%COST: S 0.47 TO DATE: S 390.39= 8%
*®O0N AT 14.370 - OFF AT 14.440 ON 07/16/76

12
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Explanation of Example 1

1. Sign on procedure ~ the user enters the USER ID and PASSWORD (masked on

o

purpose). After any entry, always enter a CR to indicate that the input

is completed.

2. Request the system TFORT.

3. Call NEW since the program is in objet form in HS.

4. Request that the program HS be RUN and the output be stored in the file
01 which is the alternate name of the file USAIN1l, since only numbers
can be used as a file name in the system FORT. HS then starts asking |

questions from the user.

5. The answer to "DIMENSIONS IN METERS OR INCHES" has to be anv of the
following: M, METERS, I, INCHES. 1In this case, N was inadvertently
entered.

6. The program does not recognize the answer and requests that the information
be entered again.

7. Note that the computer repeats the gquestion.

8. Again, inadvertently, a blank was entered before M and the computer
rejects the input again.

9. Finally, the correct input is entered.

10. Note that YES and Y are acceptable answers.

11. A mistake in the antenna type is made.

12. The correct answer is entered.

13. In this case the user detected an error (1., instead of zero was

N

"y
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14.

15.

{78

i 7 8

18.

19.

20.

2L,

22,

entered) and the input was cancelled by depressing simultaneously the
keys CTRL and X. The computer prints DEL indicating that: the informaticn
was deleted, skips to the next line and waits for the line to be typed
over.

Again an input error is detected by the computer.

This is an example of how to correct only a few characters. The @ erased
the 3 which was replaced by the 1 entered after.

This message is issued because this run has no output since NO COUPLING
COEFFICIENTS were requested at the beginning and NO VERTICAL, HORIZONTAL
PATTERNS or COMMUNICATION RANGE CONTOUR were requested now. At least {
one of these three answers has to be YES. Note that the computer asks 1
the questions again.

A common mistake is to type the letter "O" instead of zero (#). The
computer detected that 90 was entered instead of 9g.

The plotting increment has to be non-zero number; thus, the next two
error messages.

The antenna specified does not exist since we have only four antennas.

Antenna 1 is UHF and the frequency specified is VHF, so the question
FREQUENCY and FED ANTENNA are repeated.

Antenna 3 is a lightning rod and there is no feed.

This is a printout of what was just read in the computer for the user's
verification. Take a moment to double check this, otherwise the whole

run may be wasted. Note that the type of ANTENNA NUMBER 2 has been

14
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26.

27.

corrected to 1181. DIM = M means dimensions in meters. The other
answers are self explanatory.

This is needed information to run USA so that the minimum array sizes
(62 x 62) and the minimum memory requirements (27K) are used.

This statement is to remove the file 01 from AFT so that access to
USAINl can be regained.

These statements are used to change the data in USAIN] from ASCII
to BCD for use by USA.

Note the CR entered as answers to the next two questions, since no
labels or tab settings are required.

As USA is in the Remote Batch Mode (called CARDIN) the CARDIN system
is requested, followed by a call of the OLD USA program.

Statements 50, 500, and 5000 are modified to the present size as

indicated in 23 above. The explanation of each statement is as follows

[2]:

(a) Statement 50 is used te warn the operator that a large program
is coming. This should be used whenever the run size is greater
than 60K. The format is the following:

Less than 60K
S50CR

More than 60K
50$:MSG1:1, (MESSAGE)

EX: 50$MSGl:1, THIS RUN REQUIRES 71K

15
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(b) Statement 500 modifies the dimensions of all the arrays in

USA. The format is:

o

500:DIMENSION C1 (NN,NN), C2(NN,NN)
where NN is the value indicated in 23 above by the message
+ + + NN x NN IS THE MIN DIM FOR Cl, C2 + + +
EX: 500:DIMENSION C1, (62,62), C2(62,62)
(c) Statement 5000 specifies a running time limit and states the core
requirements to run USA.
5000$: LIMITS:XX,YYK
where XX is an estimate of the running time in hundredths of
an hour.
YY is the required memory in 1000 words
EX: 5000$:LIMITS:15,48K (.15 hours max run time)

29, If an error is detected (as in this case due to misspelling of
LIMITS), just press CR and start the line again. Whenever the same
line number is entered more than once, the computer will only use
the i1nformation typed in the last time.

30. It is a good practice to request the computer to list the statements
just entered. This can be done by the command LISTS NN,MM,PP...
This will list only the specified statement numbers. Note also

' that statement 50 was not listed, since it is a blank now.

31. After the modifications above are verified to be correct, USA is

asked to RUN.




32. The CARDIN system will assign a number to this specific run. In this

ol

case 6818T.

33. Answer NORMAL or NORM to the next question as no special card
disposition is used.

34. This is a request of the status of your job. JSTS 6818T means what
is the JOB STATUS of 6818T.

35. In this case, the answer was that the program STATUS was TOO BIG. The
normal procedure is to disconnect the terminal and sometime later
request JSTS 6818T. In case the job is small, it is possible that it
will be run after a short time and therefore you may wish to keep the
terminal on. Periodically, request your job status, since if the
terminal is inactive for more than 10 minutes, it will be automatically
disconnected.

36. BYE is the message to disconnect the terminal. If at a later time the 5

b user requests the job status and the computer replied that the job is
f completed with NORMAL TERMINATION, the following procedure is used

to retrieve the output data:

P, A b

i 37. The output is in file USAOUT1 but is in BCD. The user has to convert i

the data to ASCII. This is accomplished by this statement which reads i
BCD from USAOQOUT1, converts to ASCII and stores it in the present file (
which is indicated by the asterisk(*).

38. As no line numbers or tabs are required, answer the next two questions

with a CR.

2d
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39.

40.

e

41.

NOTE:

Request a listing of the present file.
The desired output is printed out. Note that the angle PHI is measured
clockwise from the x-axis to conform with the azimuths of SCREEN.
(See Figs. 1, 2). Note also that the magnitude of the radiation
pattern is listed in ratio, as well as in DB normalized to EMAX,
its maximum magnitude. The gain over the isotropic source in the
direction of EMAX is also given in ratio ard in DB.
After the listing is completed, just sign out.

As a reference, this run took a total of 0.0246 hours, out of

which .0016 hours were used for compilation. This information

can be cbtained from the full printouts that come out at RADC.




4.2 EXAMPLE 2 - In this example the use of multiple runs and an output

with mutual couplings are illustrated.

SYSTEM ?7FQRT
OLD OR NEW-NEW

READY

*RUN HS #USAINI *01"

+++++ ENTER ANTENNA PARAMETERS +++++

DIMENSIONS IN WETERS OR INCHES %
n]
GROUND PLANE 7
=NO
SIMPLE PROG ?
aYES
1 "COUPLING COEFFICIENTS ?
=YES
NUMBER OF ANTENNAS
«3
*¥e®  ANTENNA NUMBER | f##sx
ANTENNA TYPE % ¢1097, 197, 1181 OR 1000)
w1181
ANTFENNA POSITION X»YsZ ON THE PLATFOR®
®0s2036420¢
*¥%%  ANTENNA NUMBER 2 ‘“#w#e
ANTENNA TYPE % (1097, 197, 1181 OR 1000)
21097
ANTENNA POSITICN XsY,Z ON THE PLATFORM
200,000,000
$#&%  ANTENNA NUMBER 3 ®w#ws
ANTENNA TYPE ? (1097, 197, 1181 OR 1000)
2197
ANTENNA POSITION X,Y»,2 ON THE PLATFORM
8=36es00,00
+++ BADIATI ON PATTERN +++
 VERTICAL PATTERN ?
sYES
PHI (DEGREES)
=0
PLOTTING INCREMENT (NON-2ERO NUMYBER) (DEGREES)
ﬂ‘o.
HORIZ C(NTAL PATTERN ?
=YES
THETA (DEGREES)
-' =90.
’ PLOTTING INCREMENT (NON-ZERO NUMBER) (DEGREES)
B =15.
. TOiMUIICATI GN RANGE CONTOUR 2
=NO

e g o ok el

2 NUMBER OF RUNS
=2
. €R0s pUN 4 ] e
FREQUENCY (MHZ)
=118.5
< FED ANTENNA (#)

i
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saas QUN ¢ 2 seee
FREQUENCY (MHZ)

=400.
FED ANTENNA (#)
=3
3 DIM= 1 GP= N SIMP= Y COUPL= Y NRs 3
ANT¢ = 1 2 3
TYPE = 1181 1097 197
1 X a 0. 0. =36.000
Y = 36.000 0. 0.
z = 0. 0. 0.

VER PAT= Y
PHI = 0. PLOT INC= 10.00
HOR PAT= Y
THETA= 90.0 PLOT INC= 15.00

COM RNG= N -

RUN# FREC(MHZ) ANT FED(#)
1 118.50 1
2 400.00 3

4 44+ 72 X 72 1S THE MIN DIM FOR Cl, C2 +++
++4+ 290 K IS THE MIN MEMORY NEEDED +++

*REAQUE__01
3 #OLD USAIN]
READY
*ASCBCD *3USAIN]
LABELS? =
TAB CHARACTERS AND SETTING?
®SYSTEM CARD
: OLD OR NEW-OLD USA
9 READY
*50
*500 DIMENSION C1¢72,72),C2¢72,72)
*500085sLIMITS: 10, 29K
*LISTS _50,500,5000

500 DIMENSION Cl1(72,72),C2(72,72) :
50008:LIMITS: 10, 29K

READY

* RUN

SNUMB ¢ 3000T
CAPD FORMAT,DISPOSITION ?

NORM

*JSTS 3000T

3000T-01 TOO BIG

*BYE .

#8COST: S 149 TO DATE: $ 250.56= SX% I
#&#(N AT 14.835 - OFF AT 15.012 ON 07/13/76

20:
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5 ®JSTS 3000T
30007 OUTPUT WAITING
IF LAST JCB SUBMITTED, STATUS WAS:
NORMAL TERMINATION

o

*BCDASC USAQUTI3* (R

_LINE NUMEERS? CR
TAB CHARACTERS AND SETTING? CR
*L1ST

6  ®%% ANT (FED)= 1| FREQ (MHZ)= 118.50 #e#

7 COUPLING COEFFICIENT

ANTENNA N O, POVER RECEIVED (DB)
2 -17.06
3 =32.92

VERTICAL PATTERN
PHI= 0.
EMAX=  0.613 GAIN= 14367 GAIN(DB)= 1.36
THETA  NMAG NMAG (DB)
0. 0.0082  -41.71

10, 0.1152 -18.77
20- 0-2437 'l2026

30. 0.3751 -8.52
40. 0.5044 =594
S50. 06254 -4.08
b 60. 07341 -2+.68
70. 0.8301 ~1.62
800 0-9127 '0-79
90. 0+9743 ~0.23
. 100. 1.0000 0.
110. 09762 -0.21
i 120« 0.9010 -0.91
130. 07842 =211
} 1a0. 0.6410 -3.86
150. 04850 -6.28
160 0.3253 =975

170. 0.1658 ~15.61
180. 0.008S ~41.42

.

i
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HORIZOANTAL PATTERN
THETA= 90.0

EMAX=» 0771 GAIN= 2.166 GAIN(DB)= 3.36

3 PHI NMAG NMAG (DB) °

0. 07739 -2.23
15. 027606 -2.38
0. 07792 =217
45, 0.8145 -1.78
60. 0.8550 ~1.36
15. 0.8923 -0.99
90. 09171} =-0.75
105, 0.9211 071
120. 0.9006 -0.91
13S. 08576 =133
150, 0.8026 =-1.91
165, 07576 -2.41
180. 0.7479 ~2.52
195. 07811} -2.15
210. 0.8413 =1e50
225 09060 -~0.86
240, 09583 ~0.37
255 09896 -0.09

270. 10000 0.
285. 0.9940 -0.05
300« 0.9738 -0.23
315. 09371 =056
330+ 08829 ~1e08
345. 08210 =171
360. 07739 -2.,23

8 #8s ANTS (FED)= 3 FREQ (MHZ)= 400.00 #+«
.
v COUPLING COEFFICIENT

i ANTENNA NO. POMER RECEIVED (DB)
| | ~31.44
2 ~16.96

e
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VERTICAL PATTERN
PHI= 0.

BMAX= 0765 GAIN= 2.441 GAIN(DB)= 3.87

THETA NMAG NMAG (DB)
0. 0.0000 =-1000.00
10. 0.0801 -21.92
20. 0.2022 -13.88
30. 0.3516 ~9.08
“0-' 0-4706 -6-55
S0 0.5512 ~5.17
60« 06490 ~376
70. 0.7303 -2.73
80 0.8485 “[.43
90, 0.9409 ~0.53
100, 10000 0«
110, 0.9781 -0.19
120. 0.8409 -1.51
130, 07586 -2.40
140. 0.6858 -3.28
; 150, 05570 -5.08
s 160«  0.4140 -7466

176. 0.2232 =13.03
180. 00000 -1000.00
HORIZONTAL PATTERN
THETA= 90.0

EMAX= 04971 GAIN= 3.933 GAIN(DB)= 595

PHI NMAG NMAG(DB)
0. 0.7412 =260
15 07226 -2.82
30. 02994 -10.48
45. 08150 ~1.78
60. 0.7041 =305
75. 10000 0.
90. 03722 =859
1 105. 0.7194 =286
120. 08505 -1e41
135. 05587 -5.06
150. 0.6341 =396
1650 00570‘ ‘4088
3800 0« 6243 =4+ 09
1950 009672 =029
210. 02934 ~10.65
225. 07467 =2¢54
240, 06771 =339
255. 09165 =076
270. 0.6596 -3.61
{ 285« 05177 572
b 300. 07129 =-2.94
i JiS5.: 04026 =790

330. 0.2257 -12.93
345. 02796 ~11.07
360 07412 «2460

—— T G N T
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Explanation of Example 2

Note that the coupling coefficients have been requested.

Note the specification of two runs. For every run the number of the
fed antenna, as well as the frequency, is requested.

Note DIM = T, which means dimensions in Inches.

Only 29K is needed with (72 x 72) arrays.

At a later time it was found that the job had a normal termination
and the user proceeded to print out the output file.

Before;listing the data, the antenna fed and the frequency are

specified.

The mutual coupling coefficient is defined as the ratio of the received

power at any specified antenna (terminated by 5052 in the SIMPLE PROGRAM)

to the input power of the fed antenna.

This is the beginning of the listing for the second run.

NOTE: As a reference, this run took a total of 0.0353 hours, out of

which .0016 hours were used for compilation.
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Note the detailed input information required.

SYSTEM ?FORT

OLD OR NEW-NEY

READY

#PUN HS #USAINI =01"

+++++ ENTER ANTENNA PARAMETERS +++++

DIMENSIONS IN METERS OR INCHES ?
=M

GROUND PLANE ?
=NO_

SIMPLE PROG ?
=N .

FREQUENCY (MHKZ)
=125.

NUJBER OF ANTENNAS
=3

AUTO SPEC #SEGS ?
=Y
#e##s  ANTENNA NUMBER | ####
ANTENNA LENGTH
=ile

L0AD POSITION
=0

FEED POSITION
=n5

ANTENNA RADIUS
'.'.’03

evees INPUT ERROR, TRY AGAIN cecee.
ANTENNA RADIUS
=002

ANTENNA POSITION X,Y.Z ON THE PLATFORM
=0.:00100

FEED VOLTAGE (REAL.,IMAG)
=|.a(].

LOAD IMPEDANCE (REAL. IMAG)
=0:0

* &% %% ANTENNA NUMBER 2 * 4% %%
ANTENNA LENGTH
=145

LOAD POSITI (N

= .

FEED POSITION
=20

ANTENNA RADIUS

=403

ANTENNA POSITI(N X,Y»2 ON THE PLATFORM
21es0es00

FEED VOLTAGE (REAL,IMAG)
-0.:03

LOAD IMPEDANCE (REAL.IMAG)

u50es00

25

4.3 EXAMPLE 3 - This example illustrates the use of the general program

PRp— — N




“~

A

#ass ANTENNA NUMBER 3 #%&e

ANTENNA LENGTH

=1.2

LOAD POSITI

=08

FEED POSITI N

=0

ANTENNA RADIUS

=2.03

ANTENNA POSITICN X»,Y»Z ON THE PLATFORM
=0es1¢2s¢3

FEED VOLTAGE (REAL,IMAG)

=0.0

LOAD IMPEDANCE (REAL. ItAG)

=72.,0.

+++ PADIATICI PATTERN +++

VERTICAL PATTERN ?

=YES

PH1 (DEGREES)

PLOTTING INCRE4ENT (NON-ZERO NUMBER) (DEGREES)
=10, .

HORIZONTAL PATTEPN ?

=YES

THETA (DEGREES)

=90,

PLOTTING INCREMENT (NON~ZERO N'MBER) (DEGREES)

=10

DIM= M GP= N AUTO= Y FREQ= 125.00 NR= 3
ANTY = 1 2 3
L = 1.000 1.500 1.200
LpP = 0. 1000 0.800
Fp = 0500 0. 0.

R = 0.02000 0.03000 0.03000
X = Oe 1.000 0.

Y = 0. 0. 1.200
z = 0. 0. 0300
RE V = 1.000 0. Oo

IM V = 0. 0. 0.

RE LD= 0. 50.0 720

IM LD= O Q. e

VER PAT= Y ’

PHI = 90.0 PLOT INC= 10.00
HCR PAT= Y :

THETA= 90.0 PLCT INC= 10.00

++4+ 14 ¥ 14 1S THE MIN DIi1 FOR Clo C2 +++
+++ 19 K 1S THE MIN MEMORY NEEDED +++

*REMOVE Q1
#OLD USAIN!
READY

26
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*#ASCBCD *;USAINI

LABELS?

TAB CHANACTERS AND SETTING?
*SYSTEM CARD

OLD OR NEY-CLD USA

READY S

+*

#500: DIMEISICY C1C¢14,14),C2¢14,14)

%5000%:1.111TS:55 19K
*L1STS 50,500,500C

S00:DIMENSION ClCl4,14),C2C14, 14)
S000%:LIMITS:5, 19K

READY

# RUN
SNMB # 7915T
CARD FOPAAT,DISPOSITICN ?
Nomt
*JSTS 7915T
7915T-01 TOO BIG

®#JSTS 7915T

7915T JCB NOT ACCESSIBLE

IF LAST JOB SUBAITTED, STATUS WAS:
NOR4AL . TER1INATI ON

*BCDASC USAQUTI*

LINE NUMBERS?

TAB CHARACTERS AND SETTING?
*LIST

VERTICAL PATTERN
PHI=  90.0

EMAX= 0588 GAIN= 1.527 GAIN(DB)=

THETA NMAG NMAG (DB)
0. 0. '1000000
10, 0.1658 ~15.61
20. 0.3625 -8.81
30 05646 =497
40. 07417 =-2+60
S0.. 0.8717 -1.19
60. 09499 =045
70, 0.9875 -0.11
80. 1.0000 0.
90. 09950 -0.04
100« 0.9701 -0.26
110, 0.9209 -0.72
120. 0.8483 =143
130. 07568 -2.42
140. 06495 =375
150. 0.5238 ~5.62
160, 0+3737 =8+55

170. 0.1969 -14.12
180. 0.0000 =-1000.00

27
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HORIZONTAL PATTERN
THETA= 90.0

EMAX= 0.760 GAIN= 2.553 GAINC(DB)= 4.07

PHI N4AG NMAG(DB)
0. 06146 ~4.23
10. 0.6752 ~3.41
20. 0.6888 =324
30. 0.6586 ~3+63
40. 0.6044 ~4.37
S0. 0.5593 '5'05
60. 05569 -5.08
70. 0.6057 -4.35
80. 0.6852 -3.28
90. 07696 -2.27
100. 0.8440 =147
110, 0.9049 -0.87
120. 0.9528 -0.42
130. 0.9862 -0.12
140. 1.0000 0.
150. 0.9884 -0.10
l60t 009ﬂ82 “00“6
170 0.8803 ~le11 g
180, 0.7912 ~2+03 :
190. 0.6968 -3.14 !
200- Ub6257 'a-07
210. 0.6089 =443}
220+ 6.6522 =371
230. 007273 -2«77
240, 0.7975 ~1.96
250. 0.8358 =156
260« 0.8275 =1.65
270. 0-7696 -2.27
280. 0.6706 =347 |
290, 05493 =5.20
300 0+.4320 =7.29
310. 03458 =9.22
320 0.3123 =101}
330 0.3401 -9.37
340 D+4183 =757
350« 0.5203 =568
360. 0.6146 ~4.23
READY
*
28
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Explanation of Example 3

1. Each antenna is divided in a certain number of segments over which the
current is assumed constant. When the answer to AUTO SPEC # SEGS? is
YES, the computer uses 15 segments per wavelength for the fed antennas
and between 6 to 10 per wavelength for the others depending on how far
they are from the fed antenna. If the answer is NO, then the actual
number of segments for each antenna has to be specified by the user.

2. When there is no lead in the antenna, enter @ here.

3. The maximum radius permissible is .1k, thus the error message.

4. This indicates that this is the fed antenna. Other antennas can also
be fed simultaneously in this version of the program. Therefore, the
radiation pattern of an array of antennas can be calculated.

5. As this antenna has no load, enter @.,@. here. If there was a lead,

then the real arnd imaginary parts of the load impedance (in ohms)
should be entered here.

6. This is the real and imaginary parts of the load in ohms. 1

NOTE: As a reference, this run took a total of 0.0030 hours, out of

which .0016 hours were used for compilation.

PSS
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4.4 EXAMPLE 4 - This example illustrates the use of the communication

range contour program option.

®SYST FORT

OLD OR NEW-NEW
READY
#RUN HS #USAIN1 “01°%

¢++++ ENTER ANTENNA PARAMETERS +++++

"

DIMENSIONS IN METERS OR INCHES ?
=M
GROUND PLANE ?
=N
SIMPLE PROG 7
ay
COUPLING COEFFICIENTS ?
=N
"NU4BER OF ANTENNAS
=]
#¥e¢ ANTENNA NUMBER | ®uw#
ANTENNA TYPE ? (1097, 197, 1181 OR 1000)
=197
ANTENNA POSITION X»Y,Z X THE PLATFORM
=0es0es0oe
+++ RADIATICN PATTERN +++
VERTICAL PATTERN ?
=i
PHI (DEGREES)
=0
PLOTTING INCREMENT (NON-ZERO NUMBER) (DEGREES)
510 ; ’
HORIZQITAL PATTERN ?
=N
1 COMMUNICATIOGI RANGE CONTOUR ?
ay_
2 RECEIVER SENSITIVITY (DBM)
==80.
GROUND TRANSMITTER POVER (WATT)

=10.

+++++ ENTER SITE PARAMETERS +++++

GROUND ELEVATION IN FEET
26546
TRANSIT ELEVATION IN FEET
=658,
ANTENNA ELEVATION IN FEET
n(586
3 ANTENNA OFFSET FRO4 TRANSIT ?

=Y

EY I
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ENTER DISTANCE TO ANTENNA IN FEET

alle

BEARING TO ANTENNA IN DEG AND MIN (DD.MM)
=00

USE STANDARD ALTITUDES ?

=N

NUMBER OF ALTITUDES TO BE CALCULATED ¢1-6)
=6

DESIRED ALTITUDES IN FEET
21000¢,5000¢,10000-15000,200004,35000¢

GROUND ELEY
TRANSIT ELEV 6568+0 FT

ANTENNA ELEV 6586+ 0 FT

DIST TO ANT (FT) = Qe

BEAR TO ANT(DD.MM)= 0.

AIRCRAFT ALT’S ARE IN FT AGLe

ALT*S= 10000 5000.0 10000+0 150000 20000.0 35000.0

65460 FT

NUMBER OF RUNS
=1
sxne RUN 4 | wese

FREQUENCY (MHZ)

2320,
FED ANTENNA (&)
=1
DIM= M GP= N SIMP= Y COUPL= N NR= 1
ANT# = i
TYPE = 197
X = [
Y = 0.
Z = 0.
VER PAT= Y

PHl = 0. PLOT INC= 10.00

HOR PAT= N

COf RNG= Y

REC SEN (DBM)= =-80.0 GROUND TPV (WATT)= 0.0

RUN# FREQ(MHZ) ANT FEDC#)
1 320.00 ° 1

ey 7 X 7 1S THE MIN DIM FOR Cl, C2 +++
+++ 19 K 1S THE MIN MEMORY NEEDED +++

*REAQVE 01
“0LD USAINI
READY
*ASCBCD *;USAINT

LABELS?
TAB CHARACTERS AND SETTING?

G
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®SYST CARD_

OLD OR NEV-

READY
%50
*500

OLD Usa

DIMENSION C1¢7,7)2C2(7,7)

#500085:LIMITS:54 19K

¥RUN

TSNUMB ¢ 6849T
CARD FORMAT,DISPOSITION ?

N ORM

T®JSTS 6849T
6849T-01 VAIT-ALOC

*JSTS 6849T

6849T

JCB NOT ACCESSIBLE
IF LAST JOB SURMITTED, STATUS WAS:
N OR1AL TER{INATI (N

*BCDASC USAQUTIS*

LINE NUMBEPS?
TAB CHARACTERZ AND SETTING?

*LIST

%% ANT# (FED)=

RECEIVER SENSITIVITY (DEM)=
TRANSMITTER POVER (WATT) = 10.0

VERTICAL PATTEPRN

PHI=

EMAX= 24090 GAIN=

THETA
0 .
10
20.
30«
40.
S0«
60
70
80.
90
100.
110«
120.
130«
1ag.
150
160«
170
180

0.

NMAG

0.0000
0.1622
0.3214
04739
0.6149
07392
0.8419
09197
0.9715
0.9980
1.0000
09769
0.9261
0.8445
0. 7295
0.5819
04057
0.2084
00000

1 FREQ (MHZ)= 320.00 ®##*

NMAG (DB)
-1000.00
-15+80
-9.86
=-6+49
-4.22
-2+63
=1.50
=073
-0.25
-0.02
0.
-0.20
=067
=1.47
-2.74
-4:70
-7.84
-13.62
=1000.00

-82-0

1934 GAIN(DB)=

2.87




9 COMM!NICATION RANGE CONTOUR

ALT(FT)

PHI (DEG)
o'

6450
10.50
20.00
i 30400
31.32
35.37
40.00
S0.00
6000
65.20
.% 7000
7567
85.00
90.00
11600
123.33
148.00
15500
159.15
15975
16200
16307
16378
16650
17195
173.00
17373
174.12
175430
176495
17722
17750
178.33
179.23
179.68
18027
18057
182.12
1 182.38
- 182.67
183.50
184.02
184.82
18650
187.92
19135
: 192.90
P . 199.08
200.28
203.78
20573
206413
] 206473
4 207.32
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50000 §0000.0
RANGE(NM1)
29.2 53«5
255 477
271 50.1
28.0 S1.7
37«6 55.8
25+9 48.3
25.1 469
29.1 534
29.1 53.4
278 S1.3
23.0 43.4
29.1 53.4
28.3 52.1
356 558
32.0 55.8
52.0 558
55.9 55.8
559 55.9
559 5549
559 55.9
55.9 55.9
55.9 559
5549 559
55.9 55.9
55.9 55.9
39.9 55.8
30.9 558
2447 463
258 480
2245 42+ 6
264 49. 1
237 447
245 460
228 43.2
279 S51.4
260 484
271 503
267 49.5
25¢ 1 470
25.8 4840
25. 1 47.0
2647 495
23.9 45.0
22.2 4261
20.4 38.9
21.1 4062
14.8 289
171 332
13.0 25+ 5
127 2449
11.8 23+ 3
152 296
15.4 30.0
14.4 28.2
14.8 28.9

557
557
557
557
55.8
5547
55.7
557
55.7
55.7
557
557
557
557
557
55.8
5548
5548
55+8
558
5548
$5.9
55.8
559
559
558
557
557
557
557
557
557
557
557
557
557
557
557
557
557
55.7
557
557

. 557

55+ 6
55«6
42.3
483
37«5
367
34.5
432
439
41.3
423

15000.0 20000.0 35000.0

55.4
5SS« 4
55.4
55«4
555
55.4
554
55«4
554
55.4
55.4
55«4
55.4
55.5
55+5
555
555
55.6
55«6
55+6
55.6
55.6
55.6
55+ 6
55+ 6
555
55«5
SS.4
55.4
S5S5«4
55«4
55.4
554
554
S5S5.4
SS.4
55.4
554
55.4
55«4
554
55«4
S5.4
5SS« 4
55.4
554
55.3
55.3
552
552
55.2
55.3
553
553
55+3
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208.37
219.18
221.42
222+43
222.72
225.00
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227.50
228.22
235.12
235.12
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239.85
24067
244.10
24477
246+33
254447
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267.00
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2724717
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275443
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27900
288+ 30
289.08
294485
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311.67
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312.87
31707
317.58
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320410
320430
32050
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32170
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334453
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336405
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341400
350400
350.00
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19.3
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19.7
166
214
2646
2640
2640
30.6
2849
2947
347
38.2
364
37«4
36+2
40.0
45.8
4140
4le0
373
373
35.0
37.3
3645
33.8
33.8

34

558

S8
55.8
55.8

43.3
263
28.9
30.3
29.9
315
30.1
31.3
30.6
264
264
27.0
25¢6
263
24.4
23.0
24.0
29.2
38.1
38.1
363
30«5
30.9
253
27.9
30.8
315
29.9
30.9
39.0
37.2
47.6
4606
49.3
53¢5
5444
S4.4
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Explanation of Example 4

A request for computation of communication range is made.

The program does not include the coaxial cable losses and other losses
within the receiver and transmitter. If known, they should be subtracted
from the actual receiver sensitivity.

If the answer is YES, the next two questions are asked. If the answer
is NO, they are skipped.

The bearing is measured from the north, clockwise, and is read in
degrees and minutes as DDD.MM. Ex: 1.20 = 12 o0r.

If the answer is NO, the next two questions are asked. If it is YES,
they are skipped and the six standard altitudes of 1,000; 5,000;
10,000; 15,000; 20,000; and 35,000 feet above ground level (AGL) are
assumed.

This is a print out of site parameters which was just read in the
computer for the user's verification.

These statements modify the program arrays so it can be run with the
smallest core possible. If the user wants to change the name

DATAFILE to any name XXX... (maximum of 8 characters) the following
should be typed 5025$:PRMFL:03,R/W,R,BLAO0001/XXX...

This is the communication range contour output.

"Line of Sight Coverage" data of Air Force Academy, Colorado Springs,

are stored in the file DATAFILE.

39
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NOTE: Data in the file DATAFILE have to be stored in the following way in

each azimuth direction:

7% ,ELANG,DIST,RNG (1) ,...,RNG (6)

- .

. . .

where 27 = the azimuth angle in radians.

ELANG = the angle in radians between the screen top and the

ground.
DIST = the distance between the transit and the screen.
RNG = up to six line of sight ranges in nautical miles.

As a reference, this run took a total of 0.0112 hours, out of which

0.0016 hours were used for compilation.

5. Program Limitations

The primary limitations of the program as listed in the Appendix are

shown below.

a) Maximum number of runs. 10

b) Maximum number of antennas in the GENERAL PROGRAM 90

¢) Maximum number of antennas in the SIMPLE PROGRAM 20
Maximum number of sub-antennas to represent antennas

in the SIMPLE PROGRAM 90

Number of sub-antennas used to represent each antenna

in the SIMPLE PROGRAM

AT 1181
AT 1097
AT 1000
AT 197

1
N = U

36
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d) Maximum number of segments to represent the current
on all antennas 200
e) Number of segments used to represent each antenna in

the SIMPLE PROGRAM:

£ > 200 MHz (UHF)

with mutual coupling calculations AT 197 - 7 if fed
51 if fed

AT 1097 - 29

AT 1181 - 16

without mutual coupling calculations AT 197 =~ 7 if fed
39 if not fed
AT 1097 ~ 29 if fed
20 if not fed
AT 1181 - 12

£ < 200 MHz (VHF)

with mutual coupling calculations AT 197 -~ 39
AT 1097 -~ 21
AT 1181 ~ 12

without mutual coupling calculations AT 197 - 26
AT 1097 - 13
AT 1181 - 12 if fed
7 1if not fed

The maximum number of the segments per wavelength used for

2 the AT 1000 are nine in UHF and twelve in VHF.

N

2

37
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BASE UNITS:
Quantity
length
mass
time

electric current
thermodynamic temperature
amount of substance
luminous intensity

SUPPLEMENTARY UNITS:

plane angle
solid angle

DERIVED UNITS:

Acceleration

activity (of a radioactive source)
angular acceleration
angular velocity

area

density

electric capacitance
electrical conductance
electric field strength
electric inductance
electric potential difference
electric resistance
electromotive force
energy

entropy

force

frequency
illuminance
luminance

luminous flux
magnetic field strength
magnetic flux
magnetic flux density
magnetomotive force
power

pressure

quantity of electricity
quantity of heat
radiant intensity
specific heat

stress

thermal conductivity
velocity

viscosity, dynamic
viscosity, kinematic
voltage

volume

wavenumber

work

SI PREFIXES:

METRIC SYSTEM

Unit

metre
kilogram
second
ampere
kelvin
mole
candela

radian
steradian

metre per second squared
disintegration per second
radian per second squared
radian per second

square metre

kilogram per cubic metre
farad

siemens

volt per metre

henry

volt

ohm

volt

joule

joule per kelvin

newton

hertz

lux

candela per square metre
lumen

ampere per metre

weber

tesla

ampere

watt

pascal

coulomb

joule

watt per steradian

joule per kilogram-kelvin
pascal

watt per metre-kelvin
metre pér second
pascal-second

square metre per second
volt

cubic metre

reciprocal metre

joule

Multiplication Factors

1 000 000 000 000 = 102
1 000 000 000 = 10"
1 000 000 = 10*

0.000 000 001
0.000 000 000 001

0.000 000 000 000 001 -

1000 = 10°
100 = 102
10 = 10!
0.1 =10"!
001 =10"?
0001 = 107"
0.000 001 = 10°*

= 1O
- 10 "
101
W=

0.000 000 000 D00 HOO 001

* To be avoided where possible.

S! Symbol

m

kg

s

A

K

mol

cd

rad

sr

¥

S

H

v

v

J

Hz

Ix

Im

Wb

T

A

“Y

Pa

G

]

l;a

J
Prefix
tera
KiKa
mega
kilo
hecto*
deka*
deci®
centy*
milli
micrmn
nang
pico
femto

atto

Formula

m/s
(disintegration}/s
rad/s
rad/s
m
kg/m
A-slV
ANV
Vim
V-s/A
WA
VIA
WA
N:m
J/K
kg-m/s
(cycle)'s
Im/m
cd/m
cd-sr
A/m
Vs
Wb/m
Jis
N/m
A's
N-m
Wisr
J/kg-K
N/m
Wim-K
m's
Pas
m's
WA

m
(wave)'m
N-m

SI Symbol

T
G
M
k
h
da
d
«
m

n
n

p

— - G N




MISSION
of

Rome Avwr Development Center

RADC plans and conducts research, exploratory and advanced
development programs in command, control, and communications
(C3) activities, and in the ¢ areas of informatior. sciences
and intelligence. The principal technical mission areas

are communications, electromagnetic guidance and control,
surveillance of ground and aerospace objects, intelligence
data collection and handling, information system technology,
ionospheric propagation, solid state sciences, microwave
physics and electronic reliability, maintainability and
compatibility.
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